ABSTRACT. Previous studies have revealed that the expression level of microRNA-29a (miR-29a) was remarkably different in colorectal cancer (CRC) patients and healthy controls, indicating that miR-29a can be used as a diagnostic marker of CRC, but the results have been inconsistent. We conducted this meta-analysis to assess the diagnostic performance of blood-based miR-29a for CRC. We performed a systematic review of studies published over the past two decades to investigate the diagnostic performance of serum miR-29a for the diagnosis of CRC. QUADAS-2 was used to evaluate the quality of the studies. Performance characteristics (diagnostic sensitivity, specificity, and other measures of accuracy) were pooled and examined using random-effect models. Five studies, which included 281 CRC patients and 299 healthy controls, met the inclusion criteria. The summary estimates for miR-29a in CRC diagnoses showed a diagnostic sensitivity of 0.59 (95%CI = 0.53-0.65),
INTRODUCTION
Colorectal cancer (CRC) is one of the most prevalent malignancies. In 2008, there were 1.2 million new cases of CRC and 608,700 deaths related to this disease, making CRC the second most common cancer in females and the third most common in males (Jemal et al., 2011) . Numerous studies have shown that early diagnosis is a key factor in fighting this disease. It has been suggested that >95% of patients with CRC would benefit from curative surgery if diagnoses were made at an early stage (Bond, 2000; Pawa et al., 2011) . To date, several CRC screening strategies have been implemented to detect CRC. Colonoscopy has been used to diagnose CRC for many years; however, because of its invasive character, it can be painful and often unacceptable to a significant percentage of the at-risk population. A previous study demonstrated that the compliance rate of recommended colonoscopy for the population aged from 50-75 years is only 50-75% in the US (Fesler et al., 2014) . The fecal occult blood test is another traditional screening test for CRC and is safe and convenient, but its sensitivity is low. These methods are also compromised by either low cost-effectiveness or limited diagnostic accuracy. As a result, there is a need for non-invasive, cost-effective, and accurate biomarkers.
MicroRNAs are small non-coding RNA molecules of 18-22 nucleotides in length, which can regulate the expression of target genes at the post-transcriptional level by binding to 3'-untranslated region of target messenger RNAs to control some cellular processes in eukaryotic organisms (Krol et al., 2010) . MicroRNAs can act as tumor suppressor genes or oncogenes to influence the growth and metastasis of tumors, suggesting that microRNAs may play an important role in human cancer (Fabbri et al., 2008) . In recent years, a series of emerging studies have shown that microRNAs may be associated with many types of cancer (Mazeh et al., 2013; Guo et al., 2014; Morishita and Masaki, 2015) . Compared with other clinical biomarkers, microRNAs are extremely stable, the expression level of microRNAs is tissue-specific, and expression is changed in parallel with diverse biological stages (Hanson et al., 2009; Etheridge et al., 2011) . In addition, microRNAs can be measured by microarrays and quantitative polymerase chain reaction-based methods, and extracellular microRNAs can be found in plasma and other body fluids (Weber et al., 2010) . Thus, blood-based microRNAs may be useful as biomarkers for cancer.
MicroRNA-29a (miR-29a) is a cancer-related microRNA first reported by LagosQuintana et al. (2001) in HeLa cells. In recent years, various studies have shown that miR-29a expression was related to many solid cancers. Over the past few years, additional studies have revealed that miR-29a is significantly up-regulated in the serum of CRC patients compared to that in healthy individuals Feng et al., 2013; Brunet Vega et al., 2013; Giráldez et al., 2013; Luo et al., 2013) . These studies have demonstrated the diagnostic value of miR-29a for CRC; however, the pooled sensitivity and specificity were not evaluated and the quality of the included studies was not evaluated. To investigate the overall diagnostic performance of serum miR-29a for CRC, we performed a meta-analysis.
MATERIAL AND METHODS

Selection of studies
EMBASE, PubMed, Google Scholar, Chinese National Knowledge Infrastructure, and Wan Fang Database databases were searched to identify eligible studies published before July 2014. A manual search was also performed using the references listed in the original and review articles, which were found by searching the databases. The key words for the literature search included: mir29a; microRNA29a; colorectal carcinoma; CRC; and diagnosis. No language restrictions were applied.
Inclusion and exclusion criteria
Studies were included if they met all of the following criteria: 1) CRC diagnosis was based on colonoscopy or histological examination; 2) the number of patients or controls were must more than 20; 3) only individuals with a negative result of colonoscopy and without a history of any types of cancer were recruited as controls; 4) the performance of miR-29a was assessed alone; 5) blood was the only sample type and was collected prior to any treatment; 6) presence of data on sensitivity and specificity, or such values could be obtained from the raw data. The exclusion criteria were as follows: 1) studies conducted on samples other than human serum; 2) duplicate publications; 3) reviews, editorials, letters, case reports, and conference abstracts.
Data extraction
Data extraction was independently conducted by 2 reviewers (M.L. Zhi and X.Y. Yi). The following data were extracted: name of the first author, year of publication, numbers of patients and controls, TNM stage, journal, distribution of age, cut-off values, and data for 2 x 2 table. Disagreements were resolved through discussion to reach a consensus.
Quality assessment
The quality of each article was evaluated independently by 2 investigators (Z.J. Liu and L.J. Zhang) based on the Quality Assessment of Diagnostic Accuracy Studies 2 (QUA-DAS-2). The QUADAS-2 is a reformative tool that includes 4 key domains (patient selection, index test, reference standard, flow and timing) supported by signaling questions to aid in judgment of the risk of bias, rating risk of bias, and concerns regarding applicability as "high", "unclear", and "low" (Whiting et al., 2011) .
Statistical analysis
All analyses of relevant data were accomplished using the Meta-DiSc statistical software. Spearman correlation analysis evaluates heterogeneity caused by the threshold effect.
Heterogeneity resulting from the non-threshold effect was assessed by the chi-square method and the I-square (I 2 ) test. Values of P ≤ 0.05 were considered to be statistically significant. True positives, false positives, true negatives, and false negatives were extracted from each study, and these data were used to obtain pooled sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, diagnostic odds ratio (DOR), and their 95% confidence interval (95%CI), as well as the summary receiver operator characteristic curve (SROC), and the area under the curve.
RESULTS
Study characteristics
After a series of related searches, a total of 76 studies were identified, 43 of which remained after duplicates were removed. Based on the titles and abstracts, 23 reviews were removed. A total of 20 articles were considered potentially applicable for our meta-analysis, and the full texts of these articles were obtained. The articles were read and 15 articles were excluded for the following reasons: 4 studies did not conduct diagnosis, 3 did not use bloodbased samples, 3 were not related to CRC, 4 did not examine miR-29a, and 1 did not include data. Finally, 5 studies met our inclusion and exclusion criteria (Figure 1 ). In the present meta-analysis, one of the eligible studies was published in 2010 and the remaining studies were published in 2013. The overall sample size in this study was 580 (281 patients with CRC and 299 healthy controls). The main characteristics of the studies, such as the first author, publication year, numbers of patients and controls, TNM stage, true positives, false positives, true negatives, and false negative are outlined in Table 1 
Quality assessment
The quality of each study was assessed using the QUADAS-2 software. The "risk of bias" and "applicability concerns" were summarized by judging each domain for each study included. In this meta-analysis, all 5 articles were considered to be of upper quality (Figure 2) . 
Data analysis
Within the studies selected, heterogeneity was induced by the non-threshold effect, and thus the random-effect model was used to estimate overall value of miR-29a for diagnosing CRC. For miR-29a, the sensitivity (Figure 3 
DISCUSSION
In this meta-analysis, the pooled specificity and positive likelihood ratio of serum miR-29a were 0.89 and 4.66, respectively, indicating that patients with CRC have an approximately 5-fold higher chance of being miR-29a-positive compared to those without CRC. DOR is an overall indicator of diagnostic test performance, and the value of DOR ranges from 0 to infinity, with higher values representing better test performance (Glas et al., 2003) . For example, a value of DOR = 1.0 suggests that the test could not distinguish between patients and controls. Our meta-analysis showed that the overall DOR of miR-29a for CRC diagnosis was 12.22, indicating that the probability of miR-29a-positive CRC patients was approximately 13-fold higher than in normal controls. The SROC curve, which combines data from all relevant studies, represents the trade-off between sensitivity and specificity. The area under the curve of SROC curve is an overall summary of test performance; the area under the curve in this study was 0.91, demonstrating that miR-29a could be used to accurately diagnose CRC (Jones and Athanasiou, 2005) . The Q value is another important indicator used to assess the diagnostic accuracy of the index test. The Q value in this meta-analysis was 0.85, indicating that both diagnostic sensitivity and specificity would achieve 0.85 by adjusting the diagnostic threshold. Otherwise, the pooled sensitivity of serum miR-29a was 0.59, which may be insufficient for ruling out CRC. These results suggest that miR-29a may be a novel diagnostic biomarker for CRC.
miR-29a is a promising marker for diagnosing CRC. First, miR-29a was characterized by high stability, and Mitchell et al. (2008) suggested that microRNAs are present in human blood in a remarkably stable form that is protected from endogenous RNase activity. Second, miR-29a is present in plasma and other body fluids and can be measured easily. Finally, miR29a has higher sensitivity compared to some traditional biomarkers. For example, carcinoembryonic antigen is a common marker for CRC diagnosis. However, the overall sensitivity of carcinoembryonic antigen for diagnosis CRC varied between 43 and 69% in a previous study (Hundt et al., 2007) .
There were several limitations in our study. First, miR-29a is a blood biomarker for CRC diagnosis but was only discovered recently; therefore, the total sample size in our study was small. In contrast, all studies recruited healthy individuals as controls, which may weaken the diagnostic accuracy.
In conclusion, the present meta-analysis showed that miR-29a may be a promising biomarker for diagnosing CRC. Additional multi-center studies with larger sample sizes should be performed.
